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Sir; 



I,. Albert E, Ortega, hereby declare: 

THAT, I have reviewed the above-referenced patfent application; including the claims; 
THAT, I have reviewed the Office Action dated August 6, 2010,. along with the references 
cited therein; 

THAT, I have extensive experience m the field of spunbond processes; 
And being thus duly qualified, do further declare as follows: 
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2 Docket No. CRX.106XC1 

Serial No. 3 0/662,492. 

h Using bieomponent fibers containing metal or carbon in a spunbond process is very 
expensive, pings niters and.packs, and changes the natural color of the fabric being produced. If 
metal or carbon were used as an antistatic agent in a spunbond process, as suggested atpage 5 of the 
Action of August 6, 2010, the unintended consequence of changing the color wpmd be considered by 
a skilled artisan as causing a defect in the spunbonded fabric. maddition, tlie high amount of metal 
and/or carbon watwould be required to beadded in prderto reduce the static level measured at about 
orte half inch below the outlet of the slot, attenuation device fidin greater than 2 Mlovblt per inch or 
less than -2 kilovolt per inch to between -2 kilovolt per inch and 2 kilovoit per inch would 
significantly change the natural color of the spunbonded fabric being produced. 

2. I would understand from the original specification of the subject application (serial number 
10/662,492) that the described method of producing a spunbonded nonwoven. fabric, inchiding flie 
addition of an antistatic agent to the melt blend, does: toot cause, any defects in the fabric. For 
exaniple, the specif 
defects (e. g„ page 3, lines 30-3 1).. 

.3. The Action of August 6, 2010 states at page 2 that "Gillespie [U.S.. Patent No, 5,783,503] 
teachesusmgcon^ 

25). IncreasBS in moisture absorbency increase fiber conductivity, which is antistatic since it umits. 
static buildup, and nylon's or polyester's presence would improve fiber conductivity, which is 
antistatic since it limits static buildup, and. nylon's or polyester's presence would improve the 
absorbency of the blend since they have 0.4-4.5% standard moisture regain." This seems to imply 
that, as the nylon content (compared to thepolyoiefln content) increases, we static dissipation in a 
spunbond process should improve, such that a 100% nylon process would have dramatically 
improvedstatiCdissipationpropertiesov e ralOO%polyolefi 1 i process. However, thisisnotthe case, 
A slot spunbond polyolefin process does not generate near the static at the exit of an attenuation 
device that a nylon slot spunbond process does. Also, in the nylon process, the polymer exits the 
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spinneret with little to no moisture since the moisture is removed by drying the resin or flashed off 
during spinning. One possible explanation for the fact that the presence of nylon does not reduce the 
static in practice is that the amount of time between the exit of the spinneret and the exit of the slot 
may not be sufficient for the nylon to absorb enough water to make an impact. 

4. The Action of August 6, 201 0 at pages 2-4 discusses spinning nylon along with polyolefins, 
referencing Gillespie and Tortora {Understanding Textiles). However, the melting point of 
polyolefin is much lower than nylon. Commonly used polyole fins melt around 1 60 to 170 °C where 
nylon 6 melts at 228 °C and nylon 6,6 at 269°C. Polyolefin fabric would completely melt if a 
bonding temperature of between 180 °C and about 250 °C were used. Also, the nylon spinning 
process would not allow the processing of polyolefms; it is just too hot. Gillespie makes this point in 
column 8, lines 40 -52, stating that <s [t]he polymers should be selected to have melting temperatures 
and should be spun at a polymer throughput that enables the spinning of the components through a 
common capillary at substantially the same temperature without degrading one of the components. 
For example, nylon is typically extruded at a temperature of approximately 250 to 270 degrees 
Centigrade. Polyethylene and polypropylene typically are extruded at a temperature of approximately 
200 to 230 degrees Centigrade. The polymers come together in the spin pack at the same capillary at 
a temperature of about 250 degrees Centigrade and are spun at a polymer throughput that avoids 
degradation of the lower melting component" This point is also emphasized in U.S. Patent 
Application Publication No. 2003/0 181112 which discloses a spunbonded nonwoven fabric which is 
made of a polyolefin resin. The melt point of the polyethylene resin is "in the range of 100 to 140 
°C (page 4, paragraph [0061]). This emphasizes that a polyolefin fabric would completely melt, 
potentially destroying the spunbonding equipment, if a bonding temperature of between 1 80 °C and 
about 250 °C were used. 

5. The Action of August 6, 2010 at page 5 states that "Gillespie does teach to incorporate into 
the polymer melt components to control electrical properties (forming in an extruder) (see col.5, lines 

J:\CJOC\l06XC I \Documcnts\Dcc}3r3tjnn-Onesa3.doc/Jcr 



PAGE 24/49 * RCVD AT 12/6/2010 4:27:13 PM (Eastern Standard Time]* SVR:USPTO-EFXRF-6/39 * DNIS:2738300 * CSID:352 372 5800 * DURATION (mm-ss):11-52 



DEC-06-2010 HON 04:30 PM Sal i wanchik, LLoyd & Sal i FAX NO. 352 372 5800 



P. 25/49 



4 Docket No. CRX..106XC1 

Serial No. 10/662,492 

35-42)." However, Gillespie's' comments regarding controlling electrical properties are not related 
to minimizing static issues but rather producing a splittable filament, Gillespie discloses that "[t]h° 
properties: of a single polymer can be manipulated by the addition of various modifiers to> in effect,, 
create polymers of suitably different properties that do not adhere well to each other for use. in the 
practice of the invention. For example, a. single polymer can be used for first and second 
components with suitable additives to control the surface free energy, electrical properties or 
crystallization so as to produce a splittable filament 11 (column 5, lines 32-39). Gillespie does not 
discuss using an antistatic agent but instead discusses the use of additives to facilitate making a 
splittable fiber. 

6. Gillespie teaches that "[a] triboelectric charge can be developed in the filaments to promote 
separation, . . [a] nylon component can develop such.a static charge. . . (and) [a]n extendi electric 
field can be applied to the filaments, . . to augment the. separation" (column 9, lines 53-63), Thus, 
addition to the melt blend, in the Gillespie process, ofadditives that would lower the etatfc ley^l at 
(fee outlet of an attenuation device would inhibit separation of the filament^ in direct contrast to the 
goal of tiie Gillespie process. 

7. The Action of August 6, 201 0 states at page 6 that w [i]t would have been obvious to one of 
ordinary skill in the art at tbe time of the invention to select nylon $ as the nylon tause in Gillespie 
in order to have greater tenacity." Although nylon 6 has greater yarn tenacity, it is not necessarily 
true that nylon 6 has greater fabric tenacity. Fabric tensile :strength:is a function of many things and 
is not limited to just yarn tenacity. The bond area of the calender, the calender temperature and 
pressure, and th e line speed are just ; a few of the variables that impact , fabric strength. 
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Docket No. CRX.106XC1 
Serial No. 10/662,492 



I hereby further declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief arfc believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both* under Section 1001 Of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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(57) ABSTRACT 



A spunbonded non woven fabric which is made of a poly- 
oicOn resin and has ao average fiber diameter of 5 to 60 /mi, 
METSUKE of 5 lo 200 g/nr, and a coefficient of static 
friction of 0.1 to 0.4; or a spunbonded nonwoveo fabric 
which is made of a polypropylene resin and has a stiffness 
[sum of the values for the longitudinal and transverse 
directions as obtained according lo JIS L 1096, 6.19.1, 
method A (45° cantilever method)] of 70 to 120 mm and a 
coefficient of static friction of 0.1 lo 0.4. 
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SPUNBONDED NONWOVEN FABRIC AND 
ABSORBENT ARTICLE 

TECHNICAL HELP 

[0001] The present invention relales to a nonwoven poly- 
olcQn resin fabric nod an absorf>ent article used this. Iq 
particular, the present invention relates lo a nonwoven fabric 
which has good flexibility, feeling and touch to the skin, and 
excellent strength, bending rigidity and post-proccssability, 
aud is capable of using suitably as n material for absorbent 
article such as disposable diaper and the like. 

BACKGROUND OF THE INVENTION 

[0002] A uoowoven thermoplastic resin long fiber fabric 
has been used in many fields, since it has characteristics such 
as mechanical property like tensile strength, bending rigid- 
ity, gEts permeability Hnd the like, and at the same time it has 
excellent continuous sp inability and productivity. The ther- 
moplastic resins used lo these nonwoven long fiber fabric 
have been used polyamide resins and polyester resins from 
melt spinability, fiber characteristic and the like, however 
polyolefin resins such as polypropylene, polyelhylenc and 
the like, which arc general purpose resin, have been much 
used. 

[0003] Among the nonwoven fabric comprising these 
polyolefin resins, for example, the polypropylene resin com- 
prises many resins having different degree of crystalliaily, 
even though in bomopolyracrs of propylene, and also it is 
known that there are oiaoy resins having different crystal- 
linity, and also resins having various characteristics such as 
melting poipl, strength, elastic modulus and the like by 
moans of copolymers of propylene with ethylene, butene-l 
or Lhe like. The nonwoven fabric used such polypropylene 
resins has good spinability in the ease of resin having high 
degree of crystallinily, however il has problem of poor 
flexibility and feeling. And moreover, in the case of polypro- 
pylene resins having low degree of crystal linity or low 
melting point, it has flexibility, however there are problems 
of slimy feeling, and large friction resistance between fibers, 
fiber and other meul and the like at the time of spinning, and 
become very worse in lhe spinability, or usage feeling is 
poor in articles contacting to the skin such as the absorbent 
article. 

[OOttt] Further, in the case of resins having approximate 
90 mol % of isotaclic pentad fraction, there are problem that 
characteristics such as strength, rigidity or the like, and also 
Spinability are relatively favorable, however in the case of 
used to absorbent articles such as disposable diaper, sanitary 
napkin, incontinent pad and the tike, the obtained nonwoven 
fabric has not always sufficient using feel such as feeling, 
touch to the skin and the like. 

[0005] Various improvements with the spunbonded non- 
woven fabric composed of the polypropylene resin long 
liber have been proposed. For example, (1) Japanese Patent 
Laid Open No, 13238A996 disclosed polypropylene resin 
compositions for liber containing crystalline polypropylene 
resins having ratio (Mw/Mn) of mass average molecular 
weight (Mw) to number average molecular weight (Mn) of 
2 lo 15. und isoiactic pentad fraction of 96% or more of 100 
mass pails, and fatly acid amide compounds of 0.01 to 1 
mass parts. 
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[0006] This official gazelle intends to improve poor draw- 
ing by fuzziug at the drawing rime, by adding lubricants to 
improve drawabilily and luster in manufacturing of high 
strength fibers by high draw ratio of 6 times or more, used 
high crystalline polypropylene resins. That is, this proposal 
describes only that the resin differ from the range of crys- 
lailinity much used in nonwoven polypropylcoc resin fab- 
rics, and it is not always favorable in flexibility, feeling and 
touch to the skin, and it is used suitably to industrial material 
such as nonwoven fabrics, and it is not nonwoven fabrics for 
the absorbent article, and it relates to fibers for special use 
which intended improvement of strength and the like. 

[0007] On one band, various methods arc proposed lo 
improve feeling, touch to the skin, flexibility and like as 
npnwovcn fabrics used 10 the ahsorbem article. First of all, 
melt blown nonwoven fabric which has fiber diameter of 
several //m has point of advantage that feeling is sofi. 
However, on the other hand, it is actual circumstances that 
the melt blown nonwoven fabric is almost not used to the 
absorbent by itself, since problem of characteristic such as 
that the nonwoven fabric is low in strength, very low in 
bending rigidity, fuzzing is occur, threads arc easily drawn, 
incidental looping is easily occurred at the spinning lime, 
rough feeling exist and this stimulate the skin and tbo like, 
or productivity is low, thus cost become higher. 

[0008] On account of this, various laminated nonwoven 
fabric which arc composite feeling of the melt blown 
nonwoven fabric and respective characteristic such as 
strength, bending rigidity, productivity and the like of the 
Apunhonded nonwoven fabric arc proposed. For example, 
(2) Japanese Patent Laid Open No, 88056/1990 proposed 
laminated nonwoven fabrics which specified laminating 
condition, and (3) Japanese Patent Laid OpeD No. 143853/ 
1997 proposed a laminated nonwoven fabrics which com- 
prises a composite spunbonded nonwoven fabric composed 
of two land of resins having difference of melting points of 
10° C. or more and superposed ihcreon two kind of mell- 
blown nonwoven fabric having difference of melting points 
of 10° C. or more, and fused a resin with a nonwoven fabric 
having low melting point. However, the feeling in this case 
is carried by the melt -blown nopwoven fabric, the above 
described problem which is characteristic of the surface of 
the melt-blown nonwoven fabric is not still dissolved. And 
also, the composite nonwoven fabric makes Complex the 
manufacturing apparatus, and melting points between the 
composite resins and fluidity are different, thus spinning is 
difficult in some case. 

[0009] On account of this, methods to improve feeling and 
the like of the spunbonded nonwoven polypropylene fabric 
having excellent strength and productivity are requested. As 
the improving method of feeling of the spunbonded non- 
woven fabric, first of all to make fioc the fiber diameter is 
considered. However, when the fiber diameter is make too 
fine, strength is lowered, and also bending rigidity, that is, 
snirdincss of the nonwoven fabric is decreased, in the 
manufacturing of the absorbent article such as disposable 
diaper and the like by posi processing, in process of sending 
out of the nonwoven fabric, sealing and the like, it becomes 
problem that automation and high speed manufacturing 
becomes difficult, and large amount and low cost product is 
not obtained, therefore putting lhe nonwoven fabric to 
practical becomes difficult in some case. 
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[0010] On account of this, there [s n method using copoly- 
mers of propylene with the other olefin. However, also io 
this ease, though feeling is improved considerably, this is 
due lo lowering of bending rigidity (softening of the raw 
material resin, that is lowering of clastic modulus), lowering 
of post processabiHty is not changed. And also, spinabiliry is 
lowered. 

[0011] Further, (4) Japanese Patent Laid Open No. 88459/ 
1998 proposed a long liber nonwoven fabric composed of a 
heat fusible conjugate long fiber which comprises at least 
one kind of low melting point or low softening point resin 
selected from oiefinic copolymer and olefinic terpolymer as 
the first component, and a crystalline thermoplastic resin as 
the second component, io which a hydrocarbon based lubri- 
cant is contained in at least the fimt component, and content 
of the above described hydrocarbon based lubricant is 2 to 
20 mass % as the concentration io the fiber. 

[0012] That is, this proposal intend to improve lowering of 
spinabflity caused by using a low melting point of soft 
propylene random copolymer as polypropylene resins for 
improve mcut of flexibility or touch to the skin ol the 
nonwoven fabric, by adding of the hydrocarbon based 
lubricant. Consequently, characteristics such as heat resis- 
tance, strength, bending rigidity and the like, which arc 
essentially afforded to polypropylene resins, especial 
polypropylene bomopolymcr, are lost and also the copoly- 
mer further contains relatively large amount of the hydro- 
carbon based lubricant having low molecular weight and 
low meting point, for example, lowering of heal scaling 
properly, adhesive property and the like of the nonwoven 
fabric by bleeding of these lubricants is afraid. 

[0013] Moreover, it is known thai a conjugate nonwoven 
fabric made by conjugate spinning with core sheath structure 
or sidc-by-sido structure of two kind of resins having 
different kind and melting point, as described in the above 
described Japanese Patent Laid Open No. 88459/1998 as the 
nonwoven fabric. However, although this conjugate fiber 
nonwoven fabric is improved heat fusibility, in the case of 
increasing proportion of a comonorner in the low melting 
point of polypropylene resin, there is slimy feeling of the 
surface as the nonwoven fabric, dry feeling as the surface 
material of absorbent article such as disposable diaper, 
napkin or the like is lowered, and give discomfort feeling in 
some case. 

[0014] (5) Japanese Patent Uid Open No. 290381/1999 
disclosed a back sheet for the absorptive article which 
comprises a laminate layered alternately layers composed of 
polypropylene melt-blown nonwoven fabric and layers com- 
posed of polypropylene wet process nonwoven fabric in 
which one side surface layer of the laminate comprises the 
polypropylene wet process nonwoven fabric lnyer. That is, 
by adopting a short fiber wet process nonwoven fabric, it is 
intended to secure slipping property of the surface and liquid 
barrier property. However, the diameter of the fiber of the 
wet process nonwoven fabric is relatively finer, bending 
rigidity is lowered, there is a problem of causing complex in 
the m an ufa during method and also lowering the post pro- 
cessability. 

[0015] Further, (6) Japanese Patent Laid Open No. 
293554/1 090 disclosed o hear fused nonwoven fabric which 
comprises conjugate short fibers having fiber diameter of 10 
io 35 f4m on at least surface layer, in which a coefficient of 



friction (MTU) of the nonwoven fabric is 0.25 or less, and 
reflectance per unit area is 1.2% or more. However, only a 
nonwoven fabric composed of conjugate short fibers having 
a fiber diameter of 13 /«n and a fiber length of 45 mm, which 
having a core sheath structure of high density polyethylene 
as the sheath component and polyester as the core compo- 
nent is disclosed concretely in examples. 

[0016] Furthermore, as improvement of feeliag in a spun- 
bonded nonwoven fabric, (7) Japanese Patent Laid Open No. 
92856/1996 disclosed a manufacturing method of a non- 
woven fabric having excellent flexibility and touch to the 
skin, in which a propylene ethylene block copolymer having 
ethylene content of 0.5 lo 8 mass % was used, filament 
groups having knot on the surface were obtained, thereafter 
corona treated and thermocompressioo bonded with beating 
rolls. However, this method has problem in the production 
cost and the like, and also has great restriction, which cannot 
applicate to most general polypropylene bomopolymer. 

[0017] Still more, (8) Japanese Patent Laid Open No. 
160463/2000 disclosed a flexible nonwoven fabric contain- 
ing filers composed of polyolcfin thermoplastic resin con- 
taining olefinic elastomer. And also ut the same time, a fabric 
and a multi layer nonwoven fabric composed of a side-by- 
sidc type fiber used the above-described resin and a core 
sheath type conjugate fiber used the above described resin as 
core is disclosed. However, the polyolcfin thermoplastic 
resin composing of the fiber of the nonwoven fiber is an 
object by commonplace way of thinking so as to improve 
flexibility of the nonwoveD fabric, by combining the olefinic 
elastomer as the soft component, as the result the fiber itself 
become flexible, sturdiness as ihe nonwoven fabric is greatly 
decreased, and post processability is lowered. 

[0018] As described above, the conventional improving 
technique of flexibility, feeling, touch to (be Skin and the like 
of the spunbonded nonwoven polyolefiu resin fabric is not 
held characteristic of the spunbonded nonwoven polypro- 
pylene fabric iuselt That is, the technique abandon charac- 
tcristic of the spunbonded nonwoven fabric which it can be 
manufactured with good productivity and low cosi, and has 
excellent strength, bending rigidity and post processability, 
it is owing to only making the fiber diameter into fine, 
adopting of the soft resin, making short fiber, conjugate 
spinning, or laminating of these with the spunbonded non- 
woven fabric and the like. 

[0019] Consequently, especially, from post processability 
$uch as sp inability, bending rigidity or the like, as to the 
nonwoven fabric, it is actual circumstance that the spun- 
bonded nonwoven polypropylene fabric is used still in spite 
of poor feeling, touch to the skin or the like. 

[0020] On account of this, it ift strongly excepted improve- 
ment of the problem such as flexibility, feeling, touch to the 
skin and tbe like, while maintaining strength, gas perme- 
ability, especially bending rigidity of tbe polypropylene 
spunbonded nonwoven fabric from producer and user of the 
absorbent article such as disposable diaper. 

[0021] An object of the present invention is to provide a 
nonwoven polyolcfin fabric and an absorbent article which 
capable of using suitably for the absorbent article especially 
such as the disposable diaper, the sanitary napkin and Ihe 
like, while holding Substantially characteristic such as beat 
resistance, strength, bending rigidity, or the like, which the 
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spunbonded nonwoven polypropylene resin fabric has sub- 
stantially, and also having excellent flexibility, feeling, touch 
to the skin or tbe like. 

DISCLOSURE OF TOE INVENTION 

[0022] The present inventors investigate wholeheartedly 
as to die polyolefm resin, especially the spunbonded non- 
woven polypropylene fabric while m along the most of 
Function such bs gas permeability, flexibility, strength, bend- 
ing rigidity, heat resistance, post processability, automation 
suitability and the like afforded to the spunbonded non- 
woven polypropylene resin fabric, and also feeling of use, 
which requested to the end product of the noo woven fabric, 
especially tbe absorbent article, such as spin ability, feeling, 
touch to the skin and the like of the obtained nonwovcn 
fabric. As the result, it is found that feeling of use such as 
flexibility, feeling, touch to the sldn and the like can greatly 
improved, even though in the spunbonded nonwoven fabric 
composed of the same liber diameter, the same METSUKE 
and the same resin, by controlling its friction characteristic, 
and the present invention is completed based on ibis knowl- 
edge. 

[0023] 'ill at is, the present invention provides 

[0024] (1) A spunbonded nonwoven fabric which com- 
prises a spunbonded nonwoven fabric composed of a poly- 
olefin resin and has an average fiber diameter of 5 to 60 //m, 
METSUKE of 5 to 200 g/or and a coefficient of static 
friction of 0.1 to 0.4. 

[0025] (2) Hie spunbonded nonwoven fabric according to 
the above described (1), wherein the nonwoven fabric con- 
tains a lubricant. 

[0026] (3) The spunbonded noo woven fabric according to 
the above described (1) or (2), wherein the lubricant is a fatty 
acid amide compound, and its content is 0.05 to 1.0 mass %. 

[0027] (4) The spunbonded nonwoven fabric according to 
any one of tho above described (1) to (3), wherein the 
polyolefln resin is polypropylene resin. 

[0028] (5) The spunbonded nonwoven fabric according to 
any one of the above described (1) to (4), wherein the fiber 
is hydrophilicily imparting treated. 

[002 P] And also, the present invention provides 

[0030] (6) A spunbonded nonwoven fabric which com- 
prises a spunbonded nonwoven polypropylene resin fabric 
having stiffness (bending resistance), which is the sum of the 
values for the longitudinal and transverse directions as 
obtained according toJIS L1096 6.19.1, mcthodA that is 45° 
cantilever method, of 70 lo 120 mm, and a coefficient of 
static friction of 0.1 to 0.4. 

[0031] (7) The spunbonded nonwoven fabric according to 
the above described (1), wherein the nonwoven fabric has 
the average fiber diameter of 10 to 30 //m. and METSUKE 
Of 10 to 30g/m 2 . 

[U032] (8) The spunbonded nonwoven fabric according lo 
the above described (7) or (8), wherein the nonwoven fabric 
contains the lubricant of 0.15 to 1.0 mass %. 

[0033] (9) The spunbonded nonwoven fabric according lo 
the above described ($). wherein the lubricant is a fatly acid 
amide compound. 



[0034] (to) The spunbonded nonwoven fabric according 
lo any one of the above described (6) lo (9), wherein tbe liber 
constituting of the nonwoven fabric is hydrophilicily imparl- 
ing treated. 

[0035] Further, the present invention provides 

[0036] (11) An absorbent article made by using the non- 
woven fabric according to any one of the above described 
(1) to (10). 

[0037] (12) The absorbent article according lo the above 
described (11), wherein the absorbent article is a disposable 
diaper, a sanitary napkin or incontinence pad. 

BRIEF DESCRIPTION OF DRAWING 

[0038] FIGURE 1 is an illustration view of relation of 
degree of bending rigidity and coefficient of static friction of 
the spunbonded nonwoven fabric in examples of the present 
invention and comparative example. 

BEST MODE TO CARRYING THE INVENTION 

[0039] Id the following description, the present invention 
will be described in further detail. 

[0040] [Tbe First Embodiment] 

[0041] The nonwoven polyolefm resin fabric of the 
present invention comprises the spunbonded nonwoven fab- 
ric having the average fiber diameter of 5 to 60 ;<m, 
METSUKE of 5 to 200 g/m 2 , and the coefficient of static 
friction of 0.1 to 0.4. The nonwoven fabric of the present 
invention may be any object satisfying the range of the 
coefficient of static friction of 0.1 to 0.4 as the nonwoven 
fabric, its means to control the coefficient Of static friction 
may be optional, and is considered adoption of various 
means. However, the reason why the spunbonded nonwoven 
fabric of the present invention has excellent flexibility and 
feeling is considered an effect by improvement of slipping 
property among long fibers, so that it is preferred a material 
which improves slipping properly Of not Only fibers on the 
surface pan of the nonwoven fabric, but also fibers as whole 
the nonwoven fabric, as the result, and a coefficient of sialic 
friction as the surface characteristic become in a specific 
range. 

[0042] (Basic Characteristic of Nonwoven Fabric) 

[0043] The fiber diameter of the liber composing the 
spunbonded nonwoven fabric is 5 to 60 ^wm, preferably 5 to 
40 /*m, and 15 to 30 /*m for especially the absorptive article 
such as the disposable diaper or the like. Here, in tbe case of 
5 /vm or less, strength and bending rigidity are insufficient, 
and also in the some case post processability is lowered, and 
at ibe same time the using field is greatly limited. Moreover, 
in the case of 60 ,«m or more, flexibility is lowered, char- 
acteristics as the nonwoven fabric is lost, and also in the 
some case especially application to tbe absorptive article, 
various clothes becomes difficult. 

[0044] Moreover, METSUKE of the spunbonded non- 
woven fabric of the present invention is in tl»e range of 5 to 
200 g/m 2 , preferably 7 to 60 g/m 21 , especially 10 lo 30 g/m 2 
tor the absorbent article such as tbe disposable diaper or the 
like. Here, in the case of METSUKE of 5 g/m 2 or less, in 
some case strength is insufficient, bending rigidity (aiurdi- 
ness) is lower, and post processability is fallen. Moreover, in 
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the case of 200 g/nr or more, flexibility, gas permeability or 
the Me is lowered, thus characte rustics as the nonwoven 
fabric arc lost, and in sorac case usage becomes difficult due 
lo use. 

[0045] Tbe spunbonded nonwoven fabric can select/com- 
bine properly the resin, the fiber din meter, METSUKE and 
the lie, based on the use of the nonwoven fabric, required 
property, gas permeability, non-water permeability or tbe 
like. 

[0046] Tbo spunbonded nonwoven polyolefin resin fabric 
of the present invention is not especially restricted as Tar as 
it is the spunbonded nonwoven fabric, and it can produce by 
various manufacturing process. Moreover, tbe bonding form 
can adopt embossing, calendaring, heat adhesion such i»s bet 
air or the like, mechanical entangling such as needle puncb^ 
ing, water punching, and the like. However, heat adhesion by 
embossing is preferred from productivity. 

[0047] (Coefficient of Static Friction) 

[004S] The characteristic of the present invention is that 
the nonwoven fabric of tbe spunbonded nonwoven fabric 
comprising conventional well known polyolefin resin has 
the coefficient of static friction of 04 to 0.4, preferably 0.12 
lo 0,35. Here, in the case of the coefficient of static friction 
is Q.l or less, processability is lowered by over slippage in 
the post proccssnbiliry, and at the same time the usage 
amount of additives or surface treatment agent adopted 
general is necessary due to lowering of the coefficient of 
static friction, in some case economic performance is fallen. 
Further, in some case thermal sealing at the time of post 
processing, conjugation properly by adhesive^ and the like 
is trended toward poor, thus such case is not preferred. 
Moreover, in the case of 0.4 or more, improving effect of feel 
or" usage such as flexibility, feeling, touch to the skin become 
insufficient. 

[0049] (Measurement of Coefficient of Static Friction) 

[IW150] The coefficient of the spunbonded nonwoven fabric 
of the present invention can determine according to 
ASTM-D 1894. Concretely, based on measuring conditions 
of: 

[0051] Measuring machine of a coefficient of sialic Trie- 
lion: made of Toyo Scild Scisakusno Co. Ltd., AN type 

[0052] Loading plate: 63.6 qamxl02.2 mxl9.4 mn 
(height) 

[0053] Load: 8.87N of iron plate 

[0054] Incline speed: 2.7 degree/second 

[0055] sliding angle 6 was determined by piling up mea- 
suring surfaces of the nonwoven fabric, tan 0 was obtained, 
and made it tbe coefficient of static friction. The smaller tbe 
numerical value the better the slipping property. 

[0056] (Polypropylene Renin) 

[0057] The polyolefin resin used in the spunbonded non- 
woven polyolciin resin fabric of Ibe present invention is not 
especially restricted, it can include a bomopolymer of pro- 
pylene, copolymer of propylene with al least one ola-olefm 
such as ethylene, buteqe-1, 4-mctbyl-peotene-l, bexane-1, 
oclcn-1 or the like Those polypropylene resins are selected 
properly from those thai having difference of various crys- 
laHinity, molecular weight and distribution of molecular 
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weight from selection of catalysts at the time of polymer- 
ization, polymerization condition or the like, based on the 
property required in the nonwoven fabric. This selection is 
examined from the points of sLreogtb, bending rigidity, use 
and the like, but from spinabilily, vending rigidity, slimy 
feeling or. the like as described above, using of the 
homopolymer or propylene or the polypropylene copolymer 
with low ratio of copoly mentation is preferred. 

[005S] Here, crystallinity is selected from a range from 88 
to 95 mol %, preferably 89 to 93 mol % in the isotactic 
pentad fraction in the case of using the nonwoven fabric as 
the disposable diaper and the l ike. Here, the isolaclie pentad 
fraction (IPF) is an isotactic fraction in the pentad unit in the 
polypropylene molecular chain, which is measured by using 
nuclear magnetic resonance spectrum ( 13 C-NMR) by an 
isotope carbon for example described in Macromolecules. 
vol. 28, Nol6, pp5403 (1995). 

[0059] Moreover, melt flow rate (MFR) [according to SIS 
K 7210, measuring temperature: 230° C, measuring load: 
21.18N] of Lhc polypropylene resin is in the range of 5 to 200 
g/10 mio 7 preferably 10 to 100 g/10 min. In particular, those 
that in the range of 30 to 80 g/10 min is suitable for tbe 
absorptive material. 

[0060] (Polyethylene Resin) 

[01)61] Next, polyethylene resins include a homopolymer 
of ethylene,, copolymers of clbylcne with a-olcfiD having 3 
lo 10 carbon atoms Such as propylene, butene-1, 4-mclhyl- 
peqtenel, bexane-1, octane -1 or the like, and copolymers of 
ethylene with « polymcrizable monomer such as vinyl 
acetate, acrylic acid or the like. Io particular, tbe above 
described ctbylcDC-a-olefin copolymer having density of 
880 lo 960 kg/m 3 , preferably 90O to 950 kg/m 3 , melting 
point in the range of 100 to 140° C, preferably 110 to 130° 
C„ and melt flow rate (MFR) [according lo JIS K 7210, 
measuring temperature: 190° C, measuring load: 21.1SN] of 
5 to 60 g/10 min. preferably 10 10 50 g/10 min is used 
preferably from points of spinabiliry, melting point, bending 
rigidity. 

[0062] Moreover, these polypropylene resins and polyeth- 
ylene resius may be mixtures of two kind or more respec- 
tively, and can use as resin compositions containing other 
ethylene resin r propylene resin, thermoplastic elastomer or 
tbe Like of less than 50 mass %. 

[0063] (Controlling Method of Coefficient of Static Fric- 
tion) 

[0064] Next, means to obtain the spunbonded nonwoven 
fabric having the coefficient of static friction io lhc range of 
0.1 to 0.4 arc not restricted especially, and Various means are 
included. Concretely, it can exemplify roughly divided to (1) 
mell spinning process by combining a lubricant into a 
polyolefin resin for spinning, and (2) surface treating pro- 
cess lo lhc fiber after spinning. 

[0065] (Lubricant) 

[0066] Here, the lubricant is not especially restricted, and 
include fatty acid amide compound, falty acid compound, 
paraffin and hydrocarbon resin, silicone compound, silicone 
polymer, fluorine compound, fluorine polymer such as 
copolymer of tetrafluoroclbylcnc with propylene, copolymer 
of vinyb'dene fluoride with hexafiuoroethylene or the like, or 
these mixture. Among ihcm the fatty acid amide compound 
is preferably used. 
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[0067] Tbc L'nlly acid amide compound include fatly nckl 
rnonoamide compound, fatty add dinraide compound, satu- 
rated fatty acid rnonoamide compound, unsaturated faity 
acid diaraide compound. Concretely, it includes amide lau- 
rate, amide myrisiate, amide palmitate, amido slcaratc, 
amide hchenate, amide olealc, amide erucate, amide mon- 
tanate, amide N^N'-mclhylcne-bis-laurate, amide N,N'-mc- 
thylcnc-bis-myristatc. amide N,N'-metbyIene-bis-pa]mitatc, 
amide r^N'-methyleuc-bis-bchcnatc, amide N,N'-methyJ- 
ene-bis-oleato, amide N^N'-mcihylene-bis-erucaic, amide 
NJ^cibylcne-bis-oleate, amide Njhr-cihylcne-bis-erueate 
and the Uke, and also these can be used by combining plural 
kind of substances. 

[0068] Among these fatty acid amide compounds, amide 
erucate, wbich is an unsalu ruled fatty acid rnonoamide 
compound, is preferably used. The reason why it is used is 
they arc suitable to decrease the coefficient of static friction 
of I be n on woven fabric, by decreasing of spin ability by 
exposing unnecessarily the fatly acid amide on the surface at 
the lime of spinning of the fiber of the nonwoven fabric, and 
ageing of me nonwoven fabric containing the fatty acid 
amide compound described below. Content of the fatly acid 
amide compound in the polyolefin resin is in the range of 
0.05 to 1 mass %, preferably 04 to 0.5 mass %. This content 
is decided by judging synthetically kind of the polyolefin 
resin, tbc resin characteristics such as crystaUinity, MFR and 
Ibe like, kind of the fatty acid amide compound, required 
property of the obtained nonwoven fabric, ageing condition 
and the like. 

[0069] Consequently, for example, in the case of using 
amide crucaic in the homopolymer of propylene having 
ismactic pentad fraction of around 90mol %, it is preferred 
in the range of 0.1 to 05 mass %. especially 0.2 to 0.4 mass 
%\ In this case, although it depends on ageing treatment 
condition, if it is 0.2 mass % or less, in some cases it is 
difficult to control the coefficient of static friction of the 
nonwoven fabric in tbc range of 0.1 to 0.4, and if it is 0.4 
mass % or more, in some cases the amount of the amide 
erucate on the surface of the nonwoven fabric is much, it 
becomes cause of worse of appearance such as generation of 
while powder or the like, or lowering of heat fusion property 
and post processabil.it y. 

[0070] Further, the spunbonded nonwoven polyolefin 
resin fabric of the preseoi invention can be added well- 
known additives component used generally in tbe nonwoven 
fabric for use or imparting characteristic or the like. These 
well known additives components include □cutxalizating 
agents such as calcium stearate, hydrolalcilc or the like, 
antioxidants such as phenol based, phosphorus based, sulfur 
based or the like, heal stabilizers, nucleus forming agents, 
UV absorbers, light stabilizers, antistatic agents, Uame retar- 
dants, pigments, dyes, or inorganic powders such as silica, 
talc, calcium carbonate, calcium oxide, magnesium oxide or 
tbe tike. 

[0071] (Melt Spinning) 

[0072] The spunbonded nonwoven polyolefin resin fabric 
of the present invention make a frpunbonded primary non- 
woven fabric by melt spinning u mixture which is dry 
blended fixed amount of lubricant such as fatty acid amide 
or the tike and additives component added as the need arises 
to a polyolefin resin. 

[0073] Here, the spunbonried nonwoven fabric can be 
obtained, for example, a primary nonwoven fabric by well 



known method which comprises melt extruding the raw 
material polyolefin resin having the above described com- 
bination, spinning it from a spinneret for spinning, taking up 
the spun fiber with an airborne tracking apparatus such as air 
sucker or the like, Opening as the need arises, collecting 
fibers with air flow by a web collecting apparatus such as a 
net conveyer or the like, partial fusing with beating means 
sucb as healed air, heating roll or the like, thereafter winding 
up. 

[0074] Further, this spunbonded nonwoven polyolefin 
resin fabric is a nonwoven fabric comprising ordinarily 
polyolefin resin alone, but it may be a conjugate fiber 
nonwoven fabric comprising a polyolefin resin of at least 
50% on the surface of the fiber. 

[0075] These composite fiber nonwoveu fabric may be 
used tie composite fiber having core-sheath structure com- 
posing of a polyolefin resin as the sheath component and u 
resin having higher melting point than the sheath component 
resin excepting the polyolefin resin such as a poly amide 
resin, polyester resin or ihe like as the core component, or 
the conjugate fiber having side-by-sidc structure which 
comprises the polyolefin resin of ordinarily 50 mass % or 
more of fibers and the Other resin in the rest. Further, this 
core-shealh structure conjugate fiber and side-by-side struc- 
ture conjugate fiber may be, of course, combination of two 
kind of dilTerent polyolefin resins among polyolefin resinS- 
[0076] (Ageing Processing) 

[0077] Thus obtained spunbonded primary nonwoven fab- 
ric is excellent in spinability, however in some cases the 
coefficient of static friction specified by the nonwoven fabric 
of the present invention is not expressed by itself, by the 
kind of the lubricanl, especially in tho case of the fatly acid 
amide compound. In this case, to make the spunbonded 
nonwoven polyolefin resin fabric of the present invention, 
by only after ageing this primary nonwoven fabric under 
beating, it can be the range of the coefficient of stadc friction 
which is specified by ihe present invention. In the conven- 
tional nonwoven fabric manufacturing apparatus, such age- 
ing apparatus is not included, generally ageing was not 
performed. 

[0078] Here, ageing condition is differed due to kind of the 
polyolefin resin, resin characteristic such as degree of crys- 
tal Unity, density, melting point or the like, land and melting 
point of contained tbc fatty acid amide compound and 
solubility to tbc polyolefin resin or the like. Consequently, 
by considering characteristic of Ibe polyolefin resin which is 
the raw material of the nonwoven fabric, or characteristic of 
the fatty acid amide compound as the lubricant, and by 
considering the range of the coefficient of static friction in 
the range of 0.1 to 0.4, required characteristic such a* 
flexibility, feeling, touch to the skin or the like required to 
the end product, concretely the treating condition is decided 
experimentally. 

[0079] For example, the spunbonded nonwoven pulyolefin 
resin fabric of tbc present invention is obtained by ageing a 
spunbonded nonwoven fabric made by melt spinning the 
polyolefin resin which containing the fatly acid amide 
compound at a temperature of 30 to 60° C. for around 1 to 
50 htmrs- For example, in the homopolymer of polypropy- 
lene, as a concrete example in the case of that having 
isotactic pentad fracdon of around 90 mol % and content of 
amide erucate of 0.3 mass%, the following ageing treatment 
condition can set up. 
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[OOftO] In the ease ol" Hie ageing temperature of 40 6 the 
ageing time is 5 to 50 hours, preferably about 8 to 12 hours. 
Moreover, in the ca.se of Ibe ageing lime is 24 hours, the 
ageing temperature is 32 to 50° C, preferably aboui 33 to 
40° C. When the ageing condition is milder than the range 
described above, lowering oj: the coefficient o f static friction 
requires longer time, in some cases productivity is lowered. 
Further, when the ageing condition is severer than Ibc above 
described range, in some cases the coefiiiciciu of static 
friction become higher reversely, thus it is not preferred. 

[0081] This ageing treatment can ordinarily carried out in 
an ageing room which heated air is circulated, by arranging 
core pipes in the slate of winding the nonwoven fabric in roll 
form. When this ageing is performed, even though the 
nonwoven fabric is wound state in roll form, the nonwoven 
fabric is obtained approximate uniform effect of ageing 
treat moot due to gas permeability of tbc nonwoven fabric. 
Further, ageing can »l.$o carried out by roll heating and/or 
heated air, the nonwoven fabric is not wound state, but while 
il is running between rolls. 

[0082] (Surface Treatment) 

[0083] Next, the olber method to give the coefficient of 
static friction of the nonwoven fubric of the present inven- 
tion is a method by surface treatment of the fiber of the 
nonwoven fabric obtained by spinning. As the surface treat- 
ing agent, for example, a pollution of dimethyl siloxanc, 
methyl hydrogen polysiloxane, compound containing fatty 
acid amide can be used. However, this surface treatment has 
problem that cannot treat into inner port in some cases, due 
to wet eating process, drying process and thickness of the 
nonwoven fabric. Therefore, in many cases the methods by 
mcll blending of the lubricant described above is preferred, 
due to form, use, range of the coefficient of static friction or 
the like of the nonwoven fabric. 

[0084] The spunbonded nonwoven fabric comprising the 
polyolcfin resin of tbc present is generally hydropbobicily, 
owing to use of the absorptive articles and the like, for 
example, in the case of using as the top material of the 
disposable diaper or sanitary napkin or the liUe, in some 
cases hydropbobicily of at least water or the like permeable 
is required. In this case the nonwoven fabric can do hydro- 
pbobicily imparting treatment. 

[0085] This hydropbobicily imparting treatment include 
introduction of hydrophilic groups such as carboxyl group or 
the like by ozone treatment, or surface treatment by hydro- 
philic compounds, however treatment by solution of hydro- 
philic compounds is preferred in tbc point of the effect. As 
the treating method, spraying method, coating method, 
immersing method and the like can be exemplified. More- 
over, the hydrophilic compound Can be exemplified, for 
example, alkyl-ester such as polyalcohol having 8 to 26 
carbon atoms containing polyoxycthylcnc, alkyi-ctber, poly- 
ether containing fatty acid amide group, fatly acid 
monoglyccridc, sorbitol ester derivative, alkyl phosphate 
metal salt, polyoxyetbylenc alkyl ether sulfate metal sail, 
nlkyl sulfosuccinntc metal salt, sugar derivative having 
glucose ring and the like. 

[0086] The spunbonded nonwoven fabric composed of the 
polyolefin resin of the present invention is mainlained 
essentia I charactcrisiic of the nonwoven fabric which bas the 
poiyoieiin resin iiself, by lowering of the coefficient of static 



friction by the ageing treatmeni or the surface treatment, and 
flexibility, fee Hug, touching feel such as touch to the skin, 
and usage feel arc improved markedly. Consequently, it can 
be used as materials Tor various absorbent article (such as 
sanitary material and the like), various clothing materials, 
material for medical treatmeni, material for wrapping and 
the like. 

[0087] (Forming of Multilayer) 

[0088] Tbc spunbonded nonwoven fabric can make a 
multilayer material with other nonwoven fabric, thermoplas- 
tic resin film, paper or the like. However, in the case of used 
as multilayer object, at least one side of the nonwoven fabric 
is used the nonwoven fabric of the present invention which 
satisfy the above described characteristics such as the coef- 
ficient of static friction of 0.1 to 0.4. And, the other non- 
woven fabric in the case of using the spunbonded nonwoven 
polyolcfin resin fabric in ihe multilayer nonwoven fabric 
may be a nonwoven Cabric which composed of not the 
polyolefin resin but tbc poly amide resin or the polyester 
resin. 

[0089] The characteristic related to fccl of the nonwoven 
fabric is the problem on the surface of the nonwoven fabric 
material, to improve the characteristics such as strength, 
moisture permeability, gas permeability, powder bonier 
property, heat fusibility and the like, it can also lie made the 
mullilaycr material with general polyolcfin resin nonwoven 
fabric containing no the fatty acid amide compound, other 
thermoplastic resin nonwoven fabric, ibc moisture perme- 
able film, water resistant film, water-proofing film or (he 
like. 

[0090] In this case, usually the spunbonded nonwoven 
polyolefin resin fabric after the above described ageing 
treatment is laminated so as to exposure on at least one side. 
However, owing to the case, it can also be ageing treated 
after lamination with other nonwoven fabric or film or the 
like. The other nonwoven fabric in this case include Ibe 
melt-blown nonwoven fabric, short fiber nonwoven fabric or 
the like. For example, a la minuting method where the 
melt-blown nonwoven fabric is spun on tbc spunbonded 
noo woven fabric, and further spunbonded nonwoven fabric 
is manufactured in multi-step and continuously thereon, a 
mult i- layer nonwoven fabric is previously manufactured by 
containing fatty acid amide into a polyolefin resin for at least 
one side of spuobonded nonwoven fabric, and then Ibis 
multi-layer nonwoven fabric is ageing treated is given. 

[0091] Here, the nonwoven fabric except the polyolefin 
resin can include n nonwoven fabric, for example, of the 
polyester resin, the polyamide resin, especially having melt- 
ing point of 150° C. or more, particularly ISO to 300° C. 
Here, the polyester resin can include homopoly ester such as 
polyethylene terephthalate, polybutylenc terephihaiato, 
polytrimctbylcne lerephtbalale, polynaphlhalcne terephtha- 
late and the like, and copolyester which copolymcrizcd with 
other component, in which the homopolyesier is main com- 
ponent unit, and further these blended polycsler. 

[0092] The polyamide resin c»n exemplify nylon 6 (poly- 
caprolactamide), nylon 6,6 (polyhcxamcihylcne adipamidc), 
nylon 6,10 (polyhexamethylene sebacamide), nylon 11 
(polyundecane amide), nylon 7 (poly-to-aminoncptanic 
add), nylon 9 (poly-iu-aroinononflic acid), nylon 12 (poly- 
lauric amide) and the like. Among tbem, nylon 6 and nylon 
6,6 arc used preferably. 
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[00 P3] As the laminating means to form his multilayer 
nonwoven fabric, various laminating means such as heal 
adhesion , aclbcsion with adhesives and the like is given. 
However, simple and low cost laminalc heal adhesion 
means, especially heat embossing roll method can be 
adopted. This embossing roll method can laminate by using 
well-known laminating apparatus with tm embossing roll 
and a flat roll. Mere, the embossing roll can adopt various 
shape embossing pattern, there arc lattice state in which each 
fused pari is continued, independent lattice slate, optional 
distribution and the like. Moreover, emboss area fraction is 
in the range of approximate 5 to 40%. 

[0094] Further, the spunbonded nonwoven polyoJcfin 
resin fabric can also make the mutilHyer material with 
moisture permeable resin layer (film), the water resistant 
resin layer (film), and the water-proofing resin layer (film) in 
addition to lamination with the other nonwoven fabric. In 
ihiscase, an extruding laminating method, a beat embossing 
roll method, a dry laminating method and tbe like can adopt. 

[0095] The heat embossing roll lamination condition is 
different by melting point of the spunbonded nonwoven 
fabric or the other nonwoven fabric, and making ei titer layer 
of other film the emboss side, tbc condition is selected 
properly by taking respective factor into consideration. 
ITaese emboss pattern, emboss area fraction, temperature, 
pressure and the like can be properly selected depending on 
the fiber diameter, thickness, METSUKE, gas permeability, 
processing speed of each nonwovon fabric, and further 
melting point, thickness and the like of oiher nonwoven 
fabric film or the like. 

[0096] The spunbonded nonwoven fabric is used for, 
including the disposable diaper, sanitary napkin or inconti- 
nence pud, medical treatment, clothing and wrapping. 

[0097] [Examples Based on the First Embodiment] 

[0098] In the following, the present invention will be 
illustrated in further detail based on the manufacturing 
examples of the spunbonded nonwoven fabric based on the 
first embodiment. However, tbc present invention is not 
limited by these examples. 

EXAMPLE 1 

[0099] To a crystalline polypropylene resin [isotacric pen- 
lad fraction: 91 raoJ % f MFR: 60 g/10 ruin, melting point: 
160° C] 100 mass parts, a phenol based antioxidant (made 
of CSba Special Chemical Company, Irganox 1010): 0.035 
mass parts, phosphorus based antioxidant (made of Sando 
Company, Sandostab P-EPQ): 0.035 mass parts, a neutral - 
izer (made of Kyodo Yakuhin Co, Ltd., calcium stearate) 
0.025 mass pans and amide crucatc: 03 mass parts were dry 
blended with a super-mixer, thereafter melt kneading at 220' 
C- by using 65 mm <|> extruder, and melt spun by extruding 
from the spinneret. The spinneret in this case was diameter 
of hole of the spinneret: 03 mm, and numbers of it ip widtU 
direction: 200, and extrusion direction: 15. 

[0100] Then, the spun fiber group were introduced into an 
air sticker and tracked and drawn, and collected on a belt 
having a suction apparatus, and then it was sent to heated 
coibossiog rolls [an embossing roll at 140° C./a fiat roil at 
140° C-] and partly adhered, and then rolled it onto a paper 
lube, thus a primary nonwoven fabric was obtained. The 
obtained rolled nonwoven fabric was ageing treated in an 



ageing condition of 40° C.»24 hours to obtain a spunbonded 
nonwoven polyoJefin resin fabric of the present invention. 
The obtained nonwoven fabric had an average fiber diam- 
eter 16 ;<m, METSUKE: 20 g/m", a coefficient of static 
friction: 0.19, degree of bending rigidity: 53 cm, toucb to 
the skin: ©, feeling: ® . and end breakage or jogging in the 
spinning process was not observed, and it can spun subly. 

[0101] Further, evaluation of the nonwoven fabric was 
performed based on the following description. 

[0102] (1) Coefficient of Static Friction 

[0103] Measurement was performed according to the mea- 
suring method of the coefficient of static friction of ASTM-D 
1894. And, the detail was described above. 

[0104] (2) Degree of Bending Rigidity [Longitudinal 
Direction] (cm) 

[0105] Measurement was performed according to JIS L 
1096 (45* cantilever method). 

[OlOtf] (3) Touch to the skin feeling 

[0107] A functional (est by touch to (he skin-handle by 20 
monitors was performed, and evaluation of ®, O and A was 
performed. 

EXAMPLE 2 

[0108] An experiment was performed according lo 
example 1 except that changing the content of amide erucate 
to 0.4 mass parts, the aperture of spinncrcl to 0.3 mm, 
extruding speed and belt speed. Hie obtained nonwoven 
fabric bad an average fiber diameter: 24 /on, METSUKE: 20 
g/m% a coefficient of sialic Iriclion; 0.19, of stillness: 5.3 
cm, touch to the skin: ©, feeling: ®. And end breakage or 
jogging in the spinning process was not observed, and it can 
spun stably. 

[0109] [The Second Embodiment] 

[OHO] A spunbonded nonwoven polypropylene resin fab- 
ric of the present invention is a spunbonded nonwoven 
fabric which has stiffness [sum of the value for the longi- 
tudinal and transverse directions as obtained according to 
JIS L 1096, 6.19 1, method A (45 p cantilever method )] of 
70 to 120 mm and a coefficient of static fiction of 0.1 to 0.4. 

[0111] (Stiffness) 

[0112] That is, spunbonded nonwoven fabric has, first of 
all, has stiffness [sum of tbc values for (he longitudinal and 
transverse directions as obtained according to JIS L 1096, 
6.19.1, method A (45° cantilever method)] of 70 to 120 mm. 
As the item of evaluation of performance of the spunbonded 
noDWOven fabric is considered feeling together with strength 
and the like as important. This feeling is considered as 
combination of softness, hardness, resiliency, restitution 
property, feeling of cold temperature, luster, draping prop- 
erty and the like, and it is well known that feeling is different 
greatly by the manufacturing method, especially adhesion 
method. 

[0113] Among these properties, degree of ben ding rigidity 
by the evaluation test of flexibility, which is index of 
softness, is standardized various lest method depending to 
characteristic of tlw nonwoven fabric. The spunbonded 
nonwoven fabric of I he present invention is specified by the 
measuring vurue by die above described 45° cantilever 
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meibod, which is suited lo evaluation of llexibility of the 
most general nonwoven fabric. The stiffness of the spun- 
bonded nonwoven fabric is usually observed difference of 
stiffness, in flow direction (longitudinal) apd direction at 
right to flow (transverse) in cue manufacturing process of the 
nonwoven fabric. Cocscquendy, in the spunbonded nOn- 
woven fabric of the present invention, to make the average 
this property of direction, stiffness was specified with sum of 
stiffness in longitudinal- transverse direction. (In the follow- 
ing, sum of values of stiffness far the longitudinal and 
transverse direction is used as the shlTness ns far as espe- 
cially not making any comment. 

[0114] The stiffiiess of the spunbonded nonwoven 
polypropylene resin fabric, which is general purpose article 
having the fiber diameter of approximate 20 //m and MET- 
SUKE of 20 g/nr, is approximate 70 to 120 mm. It is said 
that the stiffness is desirable low for feeliug. As means to 
lower stiffness, it has been investigated means which to finer 
the fiber diameter, to decrease METSUKE, to adopt low 
cryslallinc resin as the polypropylene resin, and further to 
lower elastic modulus of the polypropylene resin by com- 
bining soft resin or thermoplastic elastomer lo the polypro- 
pylene resin and the like. 

[0115] However, the spunbonded nonwoven polypropy- 
lene resin fabric require not only feeling but also balance of 
synthetic properties. The method to improve feeling by 
lowering the degree of stiffness described above is thai to 
soften the polypropylene resin itself, or to decrease fiber 
diameter or METSUJCE. This can to say improving means 
that sacrifice strength and moderate flexibility, which are 
fundamental special character of the spunbonded nonwoven 
polypropylene resin fabric. 

[0116] Consequently, at manufacturing time of the spun- 
bonded nonwoven fabric or, especially, in processing into 
the end product such as disposable diaper, stabilization of 
the nonwoven fabric at the post processing time such as 
sending out of the nonwoven fabric, heat sealing and the like 
is not maintained, from point of stabilization of quality, 
productivity and the like, there is limit in technique to only 
lower the stillness. Consequently, the spunbonded non- 
woven polypropylene resin fabric, which is much consumed, 
has been used that having stiffness of 70 to 120 mm in spite 
of existing dissatisfaction in feeling, touch lo the skin and 
the like. And also, for example, even though a spuobonded 
nonwoven fabric which combined a thermoplastic elastomer 
of 10 mass % into a polypropylene resin, decreasing of the 
stiffness is slight, and when combining amount of the 
thermoplastic elastomer maloe more much, not only the post 
proeessability decrease but also spinability lower. 

[0117] (Coefficient of Static Friction) 

[0118] Moreover, by investigation of the inventors of the 
present invention, it was found that the numerical value of 
the stiffness itself do not showed directly feeling of the 
spunbonded nonwoven polypropylene resin fabric as 
described nbovc. Hiat is, it was found that feeling which feel 
on hand or skin of human can not evaluated by the numerical 
value of ibe stiffness alone. 

[0119] The spunbonded nonwoven polypropylene resin of 
Ibe present invention has characteristic which satisfy in 
addition to the stiffness of 70 to 120 mm, preferably 75 to 
115 mm us the Crst, and ihe coefficient of static friction in 



the range of 0,1 to 0.4, preferably 0.12 to 0.36 as the second- 
Although the reason why ihe coefficient of sialic friction of 
the spunbonded nonwoven fabric relates greatly to reeling of 
the nonwoven fabric is not always clear, it is considered that 
slippage between fibers which constitute the nonwoven 
fabric become favorable in the case of touching lo the hand 
or skin, and the whole nonwoven fabric become easy 
dcformable. On account of this, evaluation of feeling of the 
spunbonded nonwoven fabric is difficult by only the stiff- 
ness, it became clear that even though the equal stiffness, il 
was different greatly by the coefficient of static friction. 
[0120] The coefficient of static friction of the spunbonded 
nonwoven polypropylene resin fabric of the present inven- 
tion may be controlled into 0.1 to Q.4. the means is optional, 
and is concerned adoption of various means. However, it is 
considered that the reason why the spunbonded nonwoven 
fabric of the present invention has excellent flexibility and 
feeling is the effect by improving of slipping property 
between the above described long fibers, therefore noi only 
slipping property of the fiber of the surface part of the 
uonwovon fabric, but also slipping property of the fiber as 
the whole nonwoven fabric are improved, as the result toe 
coefficient of static friction as the surface characteristic is in 
the specific range, 

[0121] The characteristic of the present invention is that a 
spunbonded nonwoven fabric is in addition to having spe- 
cific range of stiffness which secure strength, sturdincss, 
post proeessability and the like as conventional well-known 
spunbonded nonwoven polypropylene resin nonwoven fab- 
ric, having the above described coefficient of static friction 
of 0.1 to 0.4, preferably 0.12 to 0.36. Here, when the 
coefficient of static friction is 0.1 or less, in addition lo lower 
proeessability reversely by over-slippage in the post pro- 
cessing, owing to lowering the coefficient of static friction, 
it require more much usage amount of additives or surface 
treating agent adopted generally, thus il becomes wnjse 
economically in some case Further, there is trend to lower 
conjugativily by heal sealing, adhesives and the like at the 
time of post processing, and il is not preferred in some case. 
And, when the coefTicient of static friction is 0.4 or more, the 
improving effect of usage feel such as flexibility, feeling, 
touch to the skin becomes insufficient, 
[0122] Moreover, measurement of the coefficient of static 
friction is as described in paragraph of "measurement of a 
coefficient of sialic friction" in the first embodiment 
described above. 

[0123] (Basic Characteristic of Nonwoven Fabric) 
[0124] The spunbonded nonwoven polypropylene resin 
fabric has preferably an average fiber diameter of 10 lo 30 
/tm and METSUKE of 10 to 30 g/m", and more preferably 
the average fiber diameter of 3,0 to 25 /mi and MOTSUKE 
of 15 to 25 g/m 2 . Here, when the average fiber diameter is 
10/im or less and METSUKE is 10 g/m" or less, securing the 
range of strength and stiffness is difficult, as the result post 
proeessability become lower. And, when the average fiber 
diameler is 30 >im or more and ME'lSUKE is 30 g/m 2 , 
securing of stiffness and feeling is di fficull in some case. And 
flexibility become lower, characteristics as the nonwoven 
fabric is decreased, especially application to ihe absorbent 
article and the like is difficult in some case, and its using 
field is restricted greatly. 

[0125] The spunbonded nonwoven polypropylene resin 
fabric of the present invention can select/combine properly 
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resin, fiber diameter, METSUKE and the like based on the 
use ol r the nonwoven fabric, required properly, gas perme- 
ability, non-water permeability and the like. 

[0126] The nonwoven polyopropylcne resin fabric used io 
the present invention is cot especially restricted as far as it 
is the spunbonded nonwoven i'tibrie, and it can produce by 
various munulaciu ring process. Moreover, the bonding form 
can adopt embossing, calendaring, beat adhesion such as hot 
air or the like, mechanical entangling such as needle punch- 
ing, water punching and the like. However, beat adhesion by 
using beat embossing method is preferred from securing of 
productivity stiffness and the like. 

[0127] This heat embossing roll method is performed by 
using well-known laminating apparatus having an emboss- 
ing roll and a flat roll. Here, the embossing roll can adopt 
various shape embossing pattern, there are lattice state in 
which each fused part is continued, independent lattice state, 
optional distribution and the like. And, emboss area fraction 
is in the range of approximate 5 to <\Q%. Here, when emboss 
area fraction is 5% or less, it come off the lower limit of tbc 
rang of stillness, aud when the emboss area fraction is 40% 
or more, it come off the upper limit of stiffness, and at the 
same time flexibility is easily decreased in some case. And, 
when embossing pressure is low, usage feel such as flex- 
ibility, feeling, touch to the sldn is favorable, however 
reversely stiffness is lowered, and post processability is 
decreased markedly, thus it is not practical. Consequently, 
condition of heat embossing method is selected properly by 
taking shape of embossing part, pitch between emboss 
adhering parts, roll temperature and ihc like, and stiffoess 
into consideration, 

[0128] (Polypropylene Ucsin) 

[0129] Tn this embodiment, the spunbonded nonwoven 
fabric used the polypropylene resin described in previously 
in the first embodiment is suitable. Since tlie propylene resin 
is as described previously, redundant explanation is omitted. 

[0130] These polypropylene resins may be mixtures of 
two kind or more, and can use as resin compositions 
containing other ethylene resin, propylene resin, thermo- 
plastic elastomer or the like of less than 30 mass % accord- 
ing to necessity. 

[0131] (Method for Control Coefficient of Static Friction) 

[0132] in this embodiment, tbc coefficient of static friction 
is controlled by applying the lubricant to the fiber of the 
nonwoven fabric as same as the first embodiment described 
above. Since the "lubricant", u mell spinning", "ageing" and 
"surface treatment" is as described previously in explanation 
of tbc first embodiment, redundant explanation is omitted 
here. 

[0133] (Formation of Multilayer) 

[0134] Moreover, in this embodiment, tbc nonwoven fab- 
ric may be made the mulliplayer nonwoven fabric as same 
as the first embodiment described previously. With regard to 
formation of mulliplayer, since it is as described previously 
in the paragraph of u formatioo of multilayer", redundani 
explanation is omitted here. 

[0135] [Examples Based on the Second Embodiment] 

[0136] Tn the following, the present invention will be 
illustrated in fit rtber detail based on manufacturing examples 



of the spunbonded nonwoven fabric based on the second 
embodiment. However, the present invention is not limited 
by these examples, 

EXAMPLE 3 to 4 , and Comparative Example 1 to 
5 

[0137] To a crystalline polypropylene resin [isotactic pen- 
tad fraction: 91 mol %, MFR: 60 g/10 min, molting point: 
160* C] 1.00 mass parts, a phenol based antioxidant (made 
of Ciba Special Chemical Company, Irganox 1010): 0.035 
mass parts, phosphorus based antioxidant (made of Snndo 
Company, Sandoslab P-EPQ): 0.035 mass parts, a ncutral- 
izer (made of Kyodo Yakuhin Co. Ltd., calcium slearate) 

0. 025 mass parts and amide enicalc: [mass parts listed in 
Table 1] were dry blended with a super-mixer, thereafter 
melt kneading at 220 D C. by using 65 mm extruder, and 
melt spun by extruding from the spinneret. Tbc spinneret in 
this case was diameter of orifice of the spinneret in example 

1, 2 and comparative example 1 to 4: 0.4 mm, and in 
comparative example 5: 03 mm, and numbers of it in width 
direction: 200, and extrusion direction: 15. 

[0138] Then, the spun fiber group were introduced into an 
air sucker and tracked and drawn, and collected on a belt 
having a suction apparatus, and then it was sent to heated 
embossing rolls [the condition listed in Table I] and pardy 
adhered, and then rolled it onto a paper tube, thus a primary 
nonwoven fabric was obtained. By alternating manufactur- 
ing condition of the nonwoven fabric, nonwoven fabric 
having different average fiber diameter, METSUKE and 
degree of adhesion were obtained. 

[0139] The obtained rolled nonwoven fabric was ageing 
treated in an ageing condition of 40° C.-24 hours to obtain 
a, spunbonded nonwoven polypropylene resin fiibric. The 
average fiber diameter, METSUKE, the coefficient of static 
friction, stiffness, feeling, post processabiliry and result of 
spiuability of the obtained nonwoven fabric arc listed in 
Table 2. 

[0140] Further, evaluation of the nonwoven fabric was 
performed based oo the following description. 

[0141] ( l) Coefficient of Static Frictiou 

[0142] Measurement was performed according to the mea- 
suring method of the coefficient of static friction of A&TM-D 
1894. And, the detail was described above, 

[0143] (2) Stiffness [Sun of the Values for the Longitudi- 
nal and Transverse Directions] 

[0144] Measurement was performed according to JlS L 
1096 6.19-1, method A (45* cantilever method). 

[0145] (3) Feeling 

[0146] A functional test by touch to the skin-handle by 20 
monitors was performed, and evaluation of ®, 0 and A was 
performed. 

[0147] (4) Post Proccssability 

[0148] To the spunbonded nonwoven fabric, by using a 
nozzle discharge system fiber spray die, an ethylene -vinyl 
acetate based hotmelt adhesive H-6805 [made of Nitta 
Findorci Co. Lid.,] was sprayed so as to be coating amount 
of 4 g/nrr in fibrous state. And then, it was superposed 
thereon a dTawn PE film containing inorganic filler "Porarn 
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PLOS" (thickness 35 //m) made of Tbkuyaraa and lamina led 
leather lo obtained a nonwoven fabric laminate. When this 
lamination, those that got wrinkle-meanclerucck-in made A, 
and that laminated without trouble made ©. 

TAIJLE 1 

embossing condition 



example 
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exompk 
4 

compar- 
ative 
example 
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rampar* 

UtiVD 
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[0149] 



□onwoven fabric, and it is especially favorable in Flexibility, 
feeling, toucb to the skin, and is excellent in strength, 
bending rigidity and post proccssabilily, and it is usable 
suitably lo various use, especially as the material for the 
absorbent article such as disposable diaper and the like. 

1. A spunbonded qonwoven fabric which comprises a 
spunbonded nonwoven fabric made of a polyolefin resin and 
has an average fiber diameter of 5 to 60 /mi, MfiXSUKE of 

5 to 200 g/m z and a coefficient of static friction of 0,1 to 0.4. 

2. Tbo spunbonded nonwoven fabric according to claims 
1, wherein the nonwoven fabric contains a lubricant. 

3. The spunbonded nonwoven fabric according to claims 
1 or 2, wherein the lubricant is a fatty acid amide compound, 
and its content is 0.05 to 1.0 mass %. 

4. The spunbonded nonwoven fabric according to any one 
of claims 1 to 3, wherein the polyolefin resin is a polypro- 
pylene resin. 

5. The spunbonded nonwoven fabric according to any one 
of claims 1 lo 4, wherein the fiber is hydrophlicity imparting 
treated. 

6. A spunbonded nonwoven fabric which comprises a 
spunbonded nonwoven polypropylene resin fabric having 
stiffness, which is the sum of the values for the longitudinal 
and transverse directions as obtained according to JlS L1096 
6.19.1, method A that is 45 6 cantilever method, of 70 to 120 
mm, and a coeQiicient of static friction of O.l to 0.4. 

7. The spunbonded nonwoven fabric according to claim 6, 
wherein the nonwoven fabric has the average fiber diameter 
of 10 to 30 /«n, and METSUKE of 10 10 30 g/m". 

8. Tbc spunbonded nonwoven fabric according to claims 

6 or 7, wherein the nonwoven fabric contains tbc lubricant 
of 0.15 to 1.0 mass %. 

9. The spunbonded nonwoven fabric according to claim 8, 
wherein the lubricant is a fatty acid amide compound. 
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[0150] Further, the relation between the coefficient of 
static friction and stiffness of spunbonded nonwoven fabric 
oF examples of the present invention and comprative 
examples is shown in FIGURIC 1. It is clear that spun- 
bonded nonwoven fabric of the present invention (in the 
range of dolled line) is dilferent markedly from conventional 
nonwoven fabric. 

[01S1] Industrial Availability 

[0152] The present invention is usable as the nonwoven 
polyolefin resin fabric and the absorbent article used this 



10. The spunbonded nonwoven fabric according to any 
one of claims 6 to 9, wherein the fiber constituting nf the 
nonwoven fabric is bydrophilicity imparting Irealed. 

11. An absorbent article made by using the nonwoven 
fabric according to any one oC claims .1 to 10. 

12. The absorbent article according to claim 11, wherein 
Ihe absorbent article is a disposable diaper, a sanitary napkin 
or incontinence pad. 
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ABSTRACT 

Recent research on all aspects of thermally point 
bonded nonwovens has led to considerable 
improvements in the understanding of material 
requirements for these nonwovens, the changes that 
occur during bonding and the resultant deterioration 
of the mechanical properties of the non woven 
materials. This paper addresses how one may use a 
bicomponent fiber technology to overcome the 
shortcomings of the thermal bonding and obtain high 
strength spunbond fabrics. In particular, we present 
the utility of islands-in-the-sea (I/S) bicomponent 
fibers for optimizing the strength of thermally bonded 
fabrics. To examine the role of various bonding 
temperatures on the fabric performance, pre- 
consolidated webs were formed and subsequently, 
thermally bonded. Thus, any influence introduced by 
potential variations in the structure was minimized. 
Point-bonded bicomponent samples made up of 
nylon-6 (N6) as the islands and low density 
polyethylene (P£) as the sea showed great promise 
with respect to their mechanical properties, 
suggesting that the use of bicomponent fibers can be 
beneficial for strength optimization of thermally 
bonded spunbond nonwovens. 

INTRODUCTION 

Thermal calender bonding is one of the most 
economical and widely used techniques in nonwoven 
fabric manufacturing [I J. In this process, a pre- 
consoJidated web is passed through the nip of two 
rolls pressed against each other at a desired pre-set 
pressure and heated internally to a desired 
temperature. Often, one of these rolls has an 
engraved pattern on its surface that leads to fiber-to- 
fiber bonding locally at the points of the Intersection 
of the engraved pattern with the smooth roll [2]. This 
type of bonding results in the formation of bonding 
"points" or "spots" on the fabric and is referred to as 
point-bonding. Bonding with this technique is 
achieved by the direct conduction of heat. The nip 
pressure of the calender brings the fibers together to 
cause fusion of filaments/fibers at their cross-over 



points [2]. Overall, point-bonding is accomplished 
through three critical steps: 1) heating the web to 
partially melt the crystalline regions, 2) diffusion of 
the newly released chain segments across the fiber- 
fiber interface, and 3) subsequent cooling of the web 
to cause its re-solidification and to trap the diffused 
chain segments [3, 4]. The degree of fiber-to-fiber 
fusion in the bonding spots determines the final 
strength of the bond and ultimate properties of the 
fabric. 

Many studies have been conducted to detennine the 
optimal conditions for calendering to enhance the 
performance of bonded fabrics [1-10]. It has been 
shown that point-bonded spunbond nonwovens are 
typically not very strong and that bonding 
temperature at a constant line speed or line speed at a 
constant bonding temperature has a profound effect 
on the tensile properties of these fabrics. Typically, 
with an increase in the bonding temperature or time, 
the strength of the fabric improves until it reaches a 
maximum. Any further increase in the temperature or 
bonding time results in a web lower strength [1-4, 8- 
9]. At the bonding conditions below the peak, fabric 
failure occurs by bond disintegration because of 
insufficient fiber fusion or "under- bonding 1 '. At 
temperatures above the maximum optimal bonding 
temperature, the failure occurs by fiber breakage at 
the bond periphery, leaving the bonds intact [1-4, 8, 
10]. The fabrics bonded at the high and optimal 
temperatures are referred to as over-bonded and well- 
bonded, respectively. 

Several explanations of the failure mechanism of 
over-bonded and well-bonded nonwovens have been 
provided in literature. One possible cause of such 
failure mechanism is that the fibers are "crushed" by 
the calender rolls and thus weakened at the bond edge. 
However, Chidambaram ct aJ. [5] showed that this 
factor accounted for only a small portion of the loss 
of the web strength. Wang et al. [4, 10] studied 
thermally bonded isotactic polypropylene (iPP) and 
poly(ethylene terephthalate) (PET) nonwovens and 



Journal of Engineered Fibers and Fabrics 38 http://\uww.jejfiournal .org 

Volume 2 f Issue i - 2007 

PAGE 39/49 « RCVD AT 121612010 4:27:13 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/39 « DNIS:273830Q « CSID:352 372 5800 1 DURATION (mm-ss):11-52 



DEC-06-2010 HON 04:34 PM Sal i wanchi k, LLoyd & Sal i FAX NO. 352 372 5800 



P. 40/49 



found a reduction in birefringence (molecular 
orientation) of the fibers at the bond spot and in its 
vicinity compared to the original, unbonded fibers. 
The molecular orientation of the fibers entering the 
bond spot decreased significantly over a distance of 
30-40 microns from the bond edge, implying a large 
decline in the fiber modulus in this region. The 
change in the fiber morphology was influenced by 
bonding conditions and it was significantly smaller in 
samples bonded at lower temperatures or for shorter 
times. The properties of bridging fibers at locations 
greater than 30-40 microns from the bond edge were 
unchanged from the original fibers. Similar results 
were observed by Dharmadhikary et al. [6] for PP 
nonwovens. Chidambaram et al. [5] reported that the 
large reduction of the fiber birefringence leads to a 
significant decrease in the fiber strength. Thus, the 
fibeTS, having the same diameter along their entire 
length, are expected to fail where their molecular 
orientation is the smallest. The birefringence of the 
fibers is low within the bond and at its edge, but the 
cross-sectional area of the bond is much larger than 
that of the fibers, thus the fibers at the bond periphery 
would fail predominantly [4, 10]. Because the change 
in the fiber morphology is influenced by bonding 
conditions, over-bonded webs demonstrate a larger 
loss of mechanical properties of the fibers entering 
the bond compared to well-bonded webs [3, 4). This 
allows for fabrics bonded at the optimal temperature 
to show superior mechanical performance over the 
webs bonded at higher temperatures. Nevertheless, 
evea well-bonded nonwovens demonstrate premature 
failure at the bond periphery as a result of the partial 
loss of the fiber strength brought about by the thermal 
bonding process. It has been hypothesized that if the 
bridging fibers of well-bonded nonwovens would 
have the same strength over their entire length, 
including the region at the bond periphery, it would 
lead to better load sharing and would potentially 
result in a stronger web [3]. 

Our hypothes is is that improved bonding and higher 
fabric strength could be achieved through the use of 
bicomponent fibers, such as sheath-core or islands-in- 
the-sea (I/S) fibers, in which numerous small 
filaments of one polymer - islands - are placed in a 
matrix of another polymer - sea. However, the island 
(core) and sea (sheath) components must have certain 
characteristics. The island polymer should have 
higher strength and lower elongation at break than 
the sea component, and the sea should have a lower 
melting temperature than the island to allow the 
bonding of the structure without adversely affecting 
the islands. Moreover, only in the presence of a 
strong interface between the island and sea polymers, 
the mechanical stresses could be transferred between 
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weak sea and strong islands. If the sea and island 
materials comply with all previously mentioned 
requirements, then it is probable that the thermal 
bonding process would not influence the morphology 
and the strength of the islands in the vicinity of the 
bond spots; whereas the sea could be completely 
melted acting as a binder and transferring the stress to 
stronger island fibers under the load. This could be a 
simple way to enhance the properties of the 
calendered fabrics. 

In this paper, we present a study where the 
effectiveness of the I/S fibers in the optimization of 
the mechanical performance of thermally bonded 
spunbond nonwovens was explored. 

EXPERIMENTAL 

Materials 

Ultramid BS 700 nylon-6 (N6) (BASF) was used as 
the island polymer. The same was also utilized in the 
production of homo-component fibers and fiber webs. 
ASPUN 6811A polyethylene (PE) (Dow Chemical 
Company) and poly (lactic) acid (PLA) 
(Nature Works, LLC) were used as the sea. Some of 
the properties of the polymers are summarized in 
Table J. 



TABU 6 I. Properties of the island and sea polymers 



Polymer 
Island 


Sm 


Melting 
Tcmpcnrture 
T«, °C 


Density, 
K/cm J 


Sptcillc 

Heat, 

J/kR-K 


K 


N6 




220 


1.14 


1600 


60$4 




PL-A 


173 


1.2S 


1800 


9128 




PE 


125 


0.94 


2200 


2727 



Keys: 'Polymer characteristic found experimentally by using 
inversion procedure and ArrheniLis type equation 



In 7J 0 = In A + {BlTj ) where T f is ihe polymer 
temperature mcusureU in fC; 7J 0 is the polymer zero shear 

E _, 

viscosity measured nt Ty ; B — — ~- where E Q and A are 

A 

the polymer activation energy and universal gas constant. 



Methods 

Sample preparation 

Bicomponent and homo-component pre-consoli dated 
spunbond webs were produced at the Nonwovens 
Cooperative Research Center (NCRC) Partners' Pilot 
facilities located at North Carolina State University. 



http://u>wwjejfiaumal .org 
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TABLE II. Description of the nonwoven sample processing and bonding conditions 



Sample Abbreviation 




Polymer 


Ratio, % 


Processing and Bonding Conditions 






Islands 


Island 


Sea 


Island 


Sta 


Quenching air 


Spinning 


Bonding 
















velocity, m/s 


speed, m/s 






|00%N6 


0 




N6 




100 


1.7 


45.S 


p Call70 o C : - 


200 a C 


100 % PE 


0 




PE 




100 


1.0 


36.6 






100% PL A 


0 




PLA 




IOO 


0.5 


60,0 






108 I/S 25/75 N6/PE 


108 


N6 


PE. 


25 


75 


1.7 


41.7 






108 \/S 50/50 N6/PE 


108 


N6 


PE 


50 


50 


1.7 


41.9 






108 1/S 75/25 N6/PE 


108 


N6 


PE 


75 


25 


1.7 


40.0 


l C oi I25°C - 


155 & C 


108 IAS 75/25 N6/PLA 


108 


N6 


PLA 


75 


25 


1.7 


47.4 







Keys: 'C - Calendering? 



The fiber processing and bonding conditions are 
listed in Table 2. AH fibers were quenched at the 
same cooling temperature of 12,8 °C. The extrusion 
temperatures of the 100% N6, 100% PE, and 100% 
PLA fibers were 274, 216 3 and 227 fi C, respectively. 
In the case of 108 I/S N6/PE fibers, N6 and PE were 
extruded at 266 and 227 °C» respectively. The 
extrusion temperatures of N6 and PLA polymers 
composing 108 T/S N6/PLA fibers were 274 and 
227°C, respectively. Calender bonding for all samples 
was conducted at a speed of 10 m/min with a nip 
pressure of 70 kN/rn (400 pounds per linear inch). 
The basis weight of fabrics was maintained constant 
at about 0,2 kg/m 2 . Both free-fall (undrawn) and 
drawn fibers were collected to examine their 
properties. 

Mechanical properties 

The tensile properties of the homo-component and 
bicomponent fibers were examined according to 
ASTM D3822-01. Twelve specimens of each sample 
were used to determine an average breaking force 
and elongation at break. 

The tensile properties such as breaking force and 
elongation at break for all fabrics were determined 
according to ASTM D5034. Six specimens (100 x 
150 mm) of each sample were tested in machine 
(MD) and cross-machine (CD) directions, 
respectively. The tear strength of the fabrics was 
examined according to ASTM D 2261. Five 
specimens (75 x 200 mm) of each sample were tested 
in MD and CD, respectively, and their average values 
of strength were then calculated. All samples were 
conditioned at 65%±2% relative humidity and 
temperature of 2l=fcl °C prior to each test. 

Scanning electron microscopy 

The bonding spots and fiber failure mechanisms were 
examined by Scanning Electron Microscopy (SEM). 



Scanning electron micrographs were obtained on a 
Hitachi S-3200N microscope. Before each 
measurement, the specimens were coated with a layer 
of AuPd using a Denton Vacuum Sputter Coater. 

Thermal analysis 

Thermal analysis was carried out to determine the 
degree of crystalliniiy of the bicomponent and homo- 
component fibers by differential scanning calorimetry 
(DSC) using a PerkinElmcr DSC 7 calorimeter. 
Standard indium sample was used to calibrate the 
DSC. Fibers weighing 3 to 4 mg were cut into thin 
pieces and dried overnight at 40 °C. Samples were 
scanned at a heating rate 20 °C /min between 25 °C 
and 250 °C. 

RESULTS AND DISCUSSION 
Prior to detailed investigation of the applicability of 
the 1/S fibers to the strength optimization of the 
thermally bonded nonwovens, a study was conducted 
to determine the influence of the island count on the 
mechanical properties of bicomponent fibers. Our 
study revealed that the I/S N6/PE fibers consisting of 
108 islands displayed the best and the most consistent 
performance. Therefore, the 108 I/S N6/PE fibers 
were used further in the strength optimization study. 

Fiber properties 

Before the discussion of the mechanical properties of 
the I/S bicomponent spunbond fabrics, the properties 
of homo-component and bicomponent fibers with 
different ratios of island and sea polymers were 
examined. 

N6 and PE were selected as the island and sea 
polymers, respectively, because N6 homo-component 
fibers had significantly higher tenacity, modulus and 
lower elongation at break than PE filaments (Table 3). 
As it was mentioned earlier in the paper, these 
differences may facilitate transfer of shear and tensile 
stresses through the weaker sea component to the 
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stronger internal phase, i.e. to N6, thus enhancing the 
strength of the N6/PE filaments. However, such 
stress transfer may be possible only in the presence of 
a strong interface between the polymers, as it has 
been shown by various researchers [11-13]. A weak 
interface would not allow any substantial stress 
transfer between the matrix (sea) and the island fibers 
due to debonding of the islands from the sea and 
sliding of the islands relative to the weaker matrix. 



Such sliding typically results in an abrupt drop in the 
strength as a consequence of low levels of normal 
stress acting across the interface [II]. Thus, a weak 
interface would result in the fiber fracture by phase 
debonding and relatively low fiber strengths. On the 
other hand, a strong interface typically leads to fiber 
failure as a result of crack propagation through the 
weak phase [13]. 



TABLE III. Properties of the homo- and bicomponcM filaments 



-Vu of Islands 


Composition 


Strain nt Break, 


Tenacity, 


Initial Modulus 


Diameter, 


Denier 






% 


g/den 


g/den 


urn 




0 


100 %PE 


S3.8 (o=6.9) 


1.0 <o=0.l) 


I3.9(o=2.0l) 


19.3 (0=2.0) 


2.5 (0=0.2) 


0 


100%N6 


52.9 (a=6.2) 


7.2 (o=0.8) 


178.7 (o=l 8.2) 


15.7 (nH.9) 


2.0 (o=0.2) 


0 


|(H)%Vl-A 


12.4 (a-1.3) 


3.9 (a=0.4) 


154.8 (ti=J6.3) 


13.1(0=1.3) 


1.5(o=0.1) 


108 


25/75 N6/PE 


10.6 fa=3.1) 


2.1 (a=fl,5) 


4t.97 (0=4.7) 


17.6 (o-l.l) 


1.2 (<j=0,3) 


I Oft 


50/50 N6/PE 


33.5 (o=5.2) 


2.9(a=0.2) 


SI. 27 (c=5.3) 


17 2 (c=l.O) 


2.2 (o=0.3) 


108 


75/25 N67PE 


26.2 (a=4.3) 


3,6 (0=0.5) 


78.5 (o=8,0) 


17.1 (c»U) 


2,3 (o=0.3) 


108 


75/25 N6/PLA 


12.4 (o=0.n 


3.2 (0=0.4) 


104.6 (d=10.7) 


15.2(0=1.0) 


J. 9 (o=0.1) 



Finally, the melting temperature of PE was about 
9S°C lower than that of N6 (Table /). Thus. PE 
could act as a "binder" for the bicomponent N6/PE 
spunbond web during calendering, which in turn, 
could decrease the risk of thermal damaging of the 
N6 islands and reducing the ultimate fabric strength. 

The diameter of the N6/PE bicomponent fibers was 
in between that of single component N6 and PE 
fibers (Table J). According to Lin et al. [14], such 
observation may be an indication of a similarity in 
the component drawing behavior and may point out 
to a strong interface between the components and 
their sufficient attenuation in the spunbond bico- 
spinline without sliding or debonding of the polymers, 
on their interface. Because we believe that M6/PE 
fibers had a relatively strong interface and PE 
demonstrated a higher elongation at break than N6, it 
is possible that stress would bo transferred between 
the strong N6 islands and weal? PE phase during 
mechanical testing. This could explain the 
performance of the N6/PE composite fibers, which 
was better than that of PE, but worse than the 
performance of N6 homo-component fibers (Table J). 
Our hypothesis about rhe stress transfer between 
stronger No* islands and weaker PE sea through a 
strong interface between the polymers was also 
confirmed with a help of SEM analysis of the 108 I/S 
N6/PE fibers fractured in the Instron testing machine 
(Figure 7). The figure indicates a strong interface 
between the components of the bicomponent N6/PE 
fibers. 




FIGURE I. 10* P/S 75/25 N6/PE (|c(\) unu 108 1/S 
75/25 N6/PLA (ri^-lit) fiber fracture under the load: the 
scale bars correspond to 50 (left) and 200 (right) 
microns. 
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The hypothesis of the stress transfer between island 
and sea materials can also be illustrated via 
comparison to other bicomponent filaments, in which 
the sea had lower elongation at break than the island 
and the interlace between the sea and island was not 
as strong as in the case of the N6/PE fibers. Table 3 
shows that the bicomponent filaments made up of 
25% of PLA and 75% of N6 had the tenacity and 
elongation of nearly pure PLA filaments. This may 
indicate that the fracture of PLA sea initiated the 
failure of the bicomponent fiber; or in other words, 
there was no stress transfer between weak PLA and 
strong N6 islands due to a weak interface between N6 
and PLA polymers and lower elongation at break of 
the PLA component. Moreover, SEM analysis of the 
N67PLA fiber fracture indicated the failure path by 
mostly clebonding in. the N6/PLA fibers (Figure 7), 
Once debonding occurred, the stress transfer between 
PLA and M6 became impossible. 



Our data also showed that the N6/PE filaments with 
75% of N6 as the island had the highest values of 
strength and modulus. Therefore, the composition 
75/25 N6/PE was used in our further study. 

Homo- and bicomponent substrates = 
performance at different bonding temperatures 

To evaluate the effectiveness of the I/S bicomponent 
fibers in thermal bonding, the 108 I/S 75/25 N6/PE 
and 1 00% N6 pre-consoli dated webs were calendered 
at bonding temperatures ranging from 125 °C to 155 
°C and 170 *C to 200 °C, respectively (Table 2). For 
these series of samples the tongue tear and grab 
tensile strength values were obtained and plotted as a 
function of the bonding temperature (Figures 2 and 
J). 




125 13Q 135 14P 1«5 ISO IBS 

Calondor Temperature, "C 




17D 1BO ISO 200 

Calender Temperature, "C 



FIGURE 2. Tongue leur strength of ihe 108 I/S 75/25 N6/PE (left) and N6 (right) sample scries as a function of the bonding temperature;' solid 
lines - MD; dash-dot lines - CD. 




125 130 135 140 145 1SO 1SS 

Calender Temperature, *c 




1YO 160 ISO 

Catena or Temperature, P C 



KlGUftE 3. Crab tensite Hurngih of the 108 1/S 75/25 N67PE (left) and N6 (right) sample series as a function of the bonding temperature: solid 
lines - MD; dash-dot lines - CD. 



As can be seen from these figures, the bicomponent 
fabric bonded at 145 a C and N6 fabric bonded at 200 
°C showed the maximum tensile strength in both 
directions and the highest tear strength only in CD. 
The MD tongue tear data demonstrated peak values 
at 135 *C and 190 °C for bicomponent and homo- 
component sample series, respectively. Because the 
tensile properties of the bicomponent fabric started to 
deteriorate after 145 °C> this temperature was 



considered to be optimal for bicomponent sample 
series under the conditions used. The most favorable 
bonding temperature for the N6 samples was 
considered to be 200 °C because webs bonded at this 
temperature demonstrated no delaminating during 
testing in contrast to other N6 nonwovens bonded at 
lower temperatures. 
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Overall, all 1/S bicomponent sample series showed 
considerably berrer performance than the 100 % N6 
homo-component nonwovens. For comparison, the 
108 I/S 75/25 N6/PE fabric, bonded at its optimum 
bonding temperature (145 °C), had a tongue tear 
strength about three to Four times higher than that of 
the homo-component N6 fabric bonded at 200 °C 
The grab tensile strength of the same bicomponent 
fabric was more than three timos higher in the MD 
and more than two times higher in the CD than the 
tensile strength of the N6 fabric. These data 
demonstrate the effectiveness of the I/S bicomponent 
fibers in improving the performance of these fabrics. 

Homo- and hicompnnent substrates - difference in 
the bonding mechanisms 

The difference in the bonding mechanisms of homo- 
and bicomponent fabrics can be seen from the 
appearance of the fibers in the bond spot and at the 
bond periphery of these fabrics (Figures 4 and 5). 




FIGURE 4, Bond .spots of l0£) % N6 Qibric bonded at 200 "C; the 
scaJe bar corresponds to 500 microns. 

As can be noted from Figure 4, the homo-component 
N6 fibers in the bond spot and its vicinities were 
damaged; they became flat and also Jost their 
definition. This could mean that N6 fibers within and 
in the vicinities of the bond spots endured significant 
macro and micro morphological changes, in 
comparison to the original, un-bonded fibers, and 
possibly became weaker due to the loss of their 
molecular orientation as a result of heat diffusion. 
Thus, in the presence of the strong thermal bonds, the 
failure in the calendered fabric is expected to 
propagate along the weak bridging fibers entering the 
bond spots, as was reported before [1-4, 8, ]0]. If this 
is true, then the comparison of the performance of the 
mechanically bonded webs consisting of original, un- 
damaged N6 fibers to a thermally bonded fabric, in 
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which N6 fibers supposedly lost their strength, would 
show thai the mechanically bonded webs perform 
significantly better than the thermally bonded ones. 
To prove the point, three N6 sample series were 
examined: calendered only, hydroentangled only, and 
calendered after hydrocntangling (Table 4). 
Hydroentangling was chosen because it is a 
mechanical bonding process, in which the web of 
loose fibers is entangled by multiple rows of fine, 
high pressure water jets. Thus, because no fiber 
melting is involved in this bonding process, 
hydroentangling should not affect fiber morphology 
or strength. Indeed, the hydroentangled No" 
spunbonded fabrics were stronger than their 
thennally bonded counterparts and the 
hydroentangled structures lost their properties after 
being calendered. This confirms that diermal 
bonding of homo- component N6 webs causes 
irreversible morphological changes in the M6 fibers 
entering the bond spots, leading to a lower 
performance. 




FIGURE 5. Dond spot (leu) and the fibers in the bond 
spot (right) of the I Oft l/S 75/25 N6/PE fabric bonded at 
145 *C: the scale bars correspond to 500 Cleft) and 50 
(right) microns. 
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TABLE IV. Tensile and tear .sircnglh of ihe N6 homo -component fabrics 



BonUing Method 


Tensile Strength* N 


Tciir Strcnfclh, N 


Ml) 


CO 


MD CD 


Calendering al 200 °C 


446.4 


328.6 (c=3U.4) 


53.0 49 1 


(a-20.6) 




(0-8.8) (o=3.9) 


1 pass of hy4rocntunfiline 


758.3 


412.0(0=23.5) 


75.5 S7.3 


(a-23.5) 




(o=2.9) (d=9.8) 


1 pass of hydrocntanslins + Cpknifcring ul 200 °C 


701.4 


362.0 (0=28.5) 


40JJ 64.8 






(tf=12.8) (0=2.9) 



In the case of the 11)8 1/S N6/PE point-bonded fabrics, 
the N6 islands were enwrapped by the completely 
molten PE sea, but the fibrous structures of the 
islands remained intact along their entire length 
(Figure J). This could mean that the bonding 
temperature of 145 d C was too low to cause a 
significant change in the morphology or the strength 
of the N6 Islands along their entire length, including 
the region at the bond periphery, which is known to 
be the weakest link in well-bonded webs [1-4, 8, 10]. 
At the same time, the temperature of 145 D C caused 
complete melting of PE sea, leading to formation of 
solid, unfailing bonds. If strong bonds are formed., 
then the fabric failure would be expected to occur in 
the bridging fibers at the bond edge [l-4 4 &\ 10]. 

N6 polymer has higher activation energy of 
elongational viscosity and lower specific heat than 
PE (Table I), thus under the same quenching 
conditions the N6 islands comprising the 
bicomponent fibers would be expected to solidify 
earlier in the spunbond spin-line than the PE sea, 
Therefore, the islands should experience higher 
elongational stresses than the sea [15-20], According 
to Kikntani et al. [16], if one component solidifies 
while the other is still in a low viscous state, the 
elongational stress experienced by the latter vanishes 
instantly and stress relaxation could occur in the 
second component leading to its molecular 
orientation relaxation. Hence, during the N6/PE I/S 
fiber spinning we could expect simultaneous 
development and suppression of the molecular 
orientation in the N6 islands and PE sea, respectively. 
If the PE sea was indeed initially poorly orientated, 



then very little loss of its molecular orientation or 
strength would be expected during the thermal 
bonding process of the 1/S webs [3]. At the same time, 
because of supposedly intact islands, the strength of 
the bridging bicomponent fibers, including the region 
at the bond periphery, in the thermally bonded N6/PE 
nonwovens should not differ essentially from the 
strength of the original, unbonded N6/PE I/S fibers. 
If this is true, then due to the strong thermal bonds 
formed and intact bridging fibers the thermally 
bonded bicomponent I/S nonwovens would be 
expected to perform significantly better than their 
mechanically bonded counterparts because thermal 
bonds involve fiber interfusion rather than 
interlocking and they are typically much stronger 
than mechanical bonds. 

To confirm this hypothesis, three N6/PE sample 
series were examined — calendered only, 
hydroentangled only, and calendered after 
hydroentangling (Table 5). The hydroentanglement 
produced nonwovens having the lowest values of the 
tensile and tear strength. These values were 
comparable to those obtained for the hydroentangled 
homo-component N6 fabrics with the exception of 
the tensile strength in MD direction. After being 
calendered, the 108 r/S 75/25 N6/PE hydroentangled 
fabrics showed an increase in the tensile and tear 
properties, unlike N6 hydroentangled webs. However, 
the highest values of the strength were demonstrated 
by the nonwovens calendered at optimal temperature 
of the bonding. 



TABLK V. Tensile and tear strength of the 108 1/S 75/25 N6/PE bicomponent fabrics 



Bonding Method 


Tensile Strength, N 


Tear Strength, N 


MT> 


CP 


MD 


CD 


Calendering at 145°C 


1435.2 


779.9 (o=3tJ.4) 


175.6 


178.5 


(o-75.5) 




(6=13.7) 


(0-13.7) 


1 poRH of hyclroentangling 


263.0 


431.6 (o-lO.S) 


71.6 


69.7 


(o=7.9) 




(ip-5.9) 


(o=9.8) 


1 pass nfhyclroentangling + Calendering at 145 °C 


1029.1 


570.9 (0=17.7) 


169.7 


126.6 


(0=38.3) 




(o=l3.7) 


(0=2.9) 
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These results show that the thermal bonding of the 
1/S N6/PE structures leads to the improved 
performance of the calendered spunbonds due to 
formation of the strong bonds without adversely 
affecting the bicomponent fiber strength. The data 
also may be considered as a circumstantial proof of 
die low degree of molecular orientation developed in 
PE sea as a result of the bico-spinning of essentially 
incompatible polymers, such as N6 and PE 

Homo- and hicomponent substrates — 
crystallinities. 

To examine the morphological changes in the homo- 
component and bicomponent fibers after thermal 
bonding, the 100% N6 and 108 l/S 75/25 N6/PE 
fibers before and after calendering at die 
temperatures 200 °C and 145 °C, respectively, were 
analyzed by using DCS. The results are listed in 
Table 6. 



As may be seen from this Table 6, crystallinity of 
both 100% N6 and N6/PE !/S libers, entering the 
bond spots, reduced after thermal bonding; however, 
this reduction was insignificant for the components 
comprising the N6/PE filaments. This, in turn, 
confirms our previous statements that calendering of 
N6 homo-component webs caused significant 
changes in the morphology and thus strength of the 
bridging fibers at the bond spots. On the other hand, 
the morphology or strength of the N6/PE bridging 
fibers., entering the bond spots, in the calendered 
webs was almost unchanged. Therefore, we believe 
that the significant loss of the fiber strength at the 
bond periphery of the thermally bonded N6 webs, in 
contrast to a little loss of the fiber strength at the 
bond edge of the N6/PE thermally bonded 
nonwovens, were responsible for the poor 
performance of the N6 fabrics in comparison to the 
performance of the N6/PE sample series. 



TABLE VI. Values of the heut effusion (All) and crystallinity (x) obtained from the P$C thermograms of the N6 homo-component and N6/PE 

bicomponent fiber* before and alter calendering 



1/S Composition 


Sample Description 


AH Kfi. 
J/6 


AH pe. 


% % 


0 100% N6 
0 IOfl%N6 

10& 75/35 N6/PE 
10S 75/2SN6/PE 


Fibers before bonding 
Bridging fibers at the bond edge after 
bonding 
Fibers before bonding 
Bridging fiber* at the bond edge after 
bonding 


75.8' 
50.4 1 

48. 1 1 


28.4 J 
23.5 3 


32.9 1 
25.8' 

21.fi 1 9.7 3 
20.9 3 a.o> 


Keys: 1 The heat of fusion and crystallinity of the N6 homo-component fibers; 1 The heat of fusion and crystallinity of the N6 island 
component comprising the N6/PE 1/S fibers; 3 The beat of fusion and crystal linitv of the PE sea component composing the N6VPE 1/S fibers. _ 



Optimization study - polymer ratios and number 
of islands 

Although the results of the mechanical testing of the 
L/S N6/PE fibers indicated that the fibers made up of 
75% of N6 showed the best performance, the 



influence of the polymer ratio on the fabric 
mechanical properties was also investigated. Pre- 
consolidated spunbond webs made up of fibers with 
85%, 75%, and 50 % of N6 were calendered at 
145 °C and their mechanical properties were 
determined (Figure 6). 




45 60 55 60 65 70 7S 60 « 90 

Ratio of Nylon 6, % 



GO U 6D 65 70 75 80 65 50 

Ratio of Nylon 6,% 



FIGURE 6. Tear (left) and tensile (right) strength of 108 1/S N67PE fabric as a function of polymer ratios; solid lines - MD; dash-dot lines - CD. 
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As can be seen from the figure, the fabric containing 
75% of N6 had the highest tear strength in both 
directions and the highest tensile strength in CD. 
When using nylon ratios higher than 75%, it is 



probable that the amount of the sea polymer was not 
sufficient to completely bind the structure together 
and consequently, the web properties deteriorated. 




18 36 54 72 00 108 

Number of Islands 



1B 3B 54 72 BO 108 

Number of Islands 



FIGURE 7. Tear (left) and tensile (right) strength of the bicomponent 75/25 N6/PE fabric as a function of the number islands; solid lines - MD; 
dash-dot lines - CD, 



To determine the effect of the number of islands on 
the mechanical properties of the calendered 
bicomponent nonwoven fabrics, pre-consolidated 
spunbond webs made up of fibers with 1,18, and 108 
islands were calendered at 145 Q C and tested for their 
tear and grab tensile strength. The results of the tests 
are presented in Figure 7. The figure shows that the 
18 I/S N6/PE fabric had the highest tensile strength, 
whereas the 108 l/S N6/PE fabric demonstrated the 
highest tear strength hi both directions. The latter 
may be explained by the fact that when tear 
propagates through the 108 I/S M6/PE fabric, a larger 
number of the islands are released and bunch together, 
absorbing significant tearing energy. Therefore, the 
1 08 I/S N6/PE webs demonstrated tear performance 
superior to that of other nonwovens made up of 
smaller number of islands. 

"Note, however, that all T/S structures performed 
significantly better than N6 homocomponent sample 
series. This confirms again the fact that in contrast to 
the themial bonding of 100% N6 webs, calendering 
of the N6/PE bicomponent structures allowed 
formation of the strong, unfailing bonds without 
damaging of the bicomponent fiber strength. 

CONCLUSIONS 

Tn this paper, we have demonstrated that by using 
bicomponent islands-in-the-sea fiber technology it is 
possible to overcome the shortcomings of the thermal 
bonding process and produce nonwovens with 
significantly higher strength. Our study has revealed 
that the strength of a calendered fabric could be 
improved significantly with the use of the l/S fibers, 
such as N6/PE, which have a relatively strong 



interface between the polymers and sufficient 
differences in the properties of the island and sea 
components. In the N6/PE fibers, the N6 islands had 
higher strength, modulus, and melting temperature 
and lower strain at break than the PE sea. The 
thermal bonding process caused complete melting of 
the PE sea, leaving the islands intact along their 
entire length. Moreover, it is possible that the un- 
orierited and weaker PE phase endured very little, if 
any, change in the morphology or strength during the 
thermal bonding process. Therefore, the strength of 
the bridging bicomponent N6/P.E fibers, including the 
region at the bond periphery, in the thermally banded 
nonwovens did not differ from those of the original, 
un-bonded N6/PE I/S fibers. During mechanical 
testing, the weakor PE acted as a matrix that held the 
structure together and helped transfer the stress to the 
stronger, oriented islands via a strong interface 
between the sea and islands. This led to the superior 
performance of the calendered N6/PE fabrics over 
that of the calendered N6 webs, in which fibers in the 
bond spots and their vicinities underwent sufficient 
loss of the molecular orientation or strength. Among 
different number of islands and polymer ratios, 
nonwovens containing filaments with 18 and 108 T/S 
and composed of 75% of N6 and 25% of PE 
demonstrated the best tensile and tear strength, 
respectively. 

Although calendering of the N6/PE sample series at 
the temperature of 145 °C seemed to result in the 
fabrics having superior performance over that of the 
samples bonded at other temperatures or by other 
methods, the high strength of the examined 
nonwovens was achieved at the cost of their 
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flexibility and permeability. To enhance these 
properties of the bicomponent fabrics without 
damaging their strength, other bonding possibilities 
need to be considered. These include through air 
thermal bonding, hydrocntangling or needJepunching 
prior calendering or through air bonding* etc. 

This paper was focused on the mechanisms and the 
differences brought about by using the 1/S fibers, 
such as N6/P£> to achieve higher strengths in 
thermally bonded substrates. Although substantial 
experiments were conducted, much remains to be 
done to develop a full and complete understanding of 
the underlying material-process-property interactions. 
These include a detailed investigation of the failure 
mechanism of the thermally bonded I/S fabrics and 
the study of the influence of various polymer 
combinations, on the performance of the thermally 
bonded l/S. fabrics. Some of these factors will be 
addressed in a subsequent paper. 
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